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In figure 1 , the on-and off-source alpha distributions for the maximum observed emission of Markarian 421 during this outburst are shown. A strong excess near zero degrees, indicative of gamma-ray emission from the direction of Markarian 421, is apparent in both datasets. A paper describing the combined Whipple and EGRET observations during April and May 1994, as well observations at lower photon energies is in preparation (Macomb et al. 1995) . In figure 2 the variation of the net gamma-ray flux from Markarian 421 observed by the Whipple gamma-ray telescope is shown from 1 April through 12 June. In addition to the strong May 15 outburst a second ('" 30") outburst in June is evident. In figure 3 , the corresponding EGRET observations are shown. There is no evidence within the EGRET 1 week observation in May for a flare on the time scale ('" 2 days) as observed at TeV energies. FuJ;ure multi-wavelength monitoring of Markarian 421 is planned for the spring of 1995. 60 iii! a) No .<ilg. cl. cut. iii! b) > 500 dig. ct.. Alpha (decrees) Alpha (decrees) Figure 1 . On-and off-source alpha distributions for Markarian 421 for 15.25 May 1994 (UT). The distributions are for those showers for which the other supercuts selection criteria have been satisfied. The duration of each observation is 28.3 minutes. a) No selection has been made on the number of digital counts contained in a shower image. b) Only those showers which have more than 500 .digital counts are retained. This latter selection is approximately equivalent to raising the threshold energy from 250 to 500 GeV.
AGN's
Since October, 1991 the observation of AGN's has been given high priority in the Whipple Observatory Collaboration gamma-ray observing program, following the successful detection by EGRET of 3C279 (Hartman et al. 1992 ). In all 35 objects were studied (14 of which had been detected at GeV~nergies by EGRET).
No statistically significant excesses were seen and upper limits were calculated at the 30" level. In view of the reported variability of these objects it is important to emphasize that these limits pertain only for the limited epoch of the observations. A preliminary ' TI' t -lW~~~100~~-Ll~10~~~~~~~~~I~~~~~15~0~~~I~~~
Day of the Year (1994) Figure 2 . The variation in net gamma-rays/minute for the Markarian 421 observations from 1 April, 1994 (day 91) through 12 June, 1994 (day 163). The peak intensity of 15.25 May (day 135) occurs 27 hours prior to a reported X-ray high state (Takahashi et al 1994) . Data from [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] were not obtained due to bright moon conditions. The dashed line shows the 1994 quiescent level (Schubnell et al. 1995 
1~
Day of the Year (1994) Figure 3 . The flux above 100 MeV as observed by the EGRET detector during April and May 1994. While it seems that the flux during May is a factor of two higher than during April, neither flux is significantly different than the average flux from all EGRET observations (the dashed line at 1.7x10-7 photons/cm 2 /s).
• paper describing these results is has been presented ). The high energy gamma-ray spectrum of several of the EGRET-detected sources for which energy spectra have been published are plotted in figure 4 together with upper limits from the air shower experiments and the upper limits reported here.
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The observations reported here were undertaken to test the hypothesis that some or all of the EGRET-detected AGN's had detectable components in the TeV energy region. With the exception of Markarian 421 none of the 14 AGN's detected by EGRET which were included in this observing program were detected. Since the observation of Markarian 421 shows that for flat spectrum sources the Whipple telescope is more sensitive than EGRET the search was extended to objects with somewhat similar properties to Markarian 421 but which were not detected by EGRET; again no emission was detected. The conclusions from these null results are restricted by the fact that almost all the AGN's detected by EGRET are time-variable (as is Markarian 421 at Te V energies )). However a reasonable conclusion is that the observable spectrum of AGN's shows a steepening between 10 GeV and 300 GeV. Such a steepening could have three origins: (i) an inherent steepening in the particle acceleration spectrum in the AGN or in the gamma-ray production spectrum, (ii) absorption of the gamma rays close to the AGN, or (iii) absorption of gamma-rays in intergalactic space .
Bursts
An extensive search has been made in the Whipple Data-base for bursts on timescales of one second. A preliminary report on this work was presented at the ICRC in Calgary (Connaughton et al. 1993a ) and at the Huntsville Meeting on Gamma Ray Bursts (Corinaughton et ttl. 1993b ). The database used was that of all five years of observations made with the Whipple High Resolution Camera from 1988 through 1993. The method used was as follows: all candidate gamma-rays were selected based on their Length and Width. This rejected more than 98% of the background events. Any cluster of three or four events occurring in one second was then selected as a potential burst. Each such cluster was then examined to see if the orientation of the axes of the events was consistent with all 3 (or 4) events originating from the one point in the sky. A control group was formed by randomizing the times of arrival and image parameters in each run. The observed excesses were not significant and an upper limit of 2.7 
x 10
4 bursts/year-steradian corresponding to a limit on the fluence of 3.3 x 10-8 erg/sec was derived. A paper describing this result is in preparation (Connaughton et al. 1995) .
Since May 1994 the Whipple Observatory has been linked to the BACODINE network in which notification of the position of a gamma-ray burst detected by BATSE on the Compton GRO is received within minutes of its detection. The Whipple telescope is then slewed to the source position and a search is ma_de_ within the burst error box for the next three hours. The expected useful rate of BATSE notifications is 0.5/month. To date (because of the summer close-down and equipment upgrading) only one useful notification has been received; no excess was no~ed but the burst was weak and the position was at very low elevation. The search continues.
Supernova Remnants
Over the last year a number of supernovae remnants (both shell-type and plerions) have been observed. At the beginning of the 1993-94 we drew up a source list, selecting objects on the basis of their radio luminosity, distance, angular size, morphology (shell or plerion) and age as well as a possible association with unidentified EGRET sources. Our observations have concentrated on a number of observations of shell type SNR's.
Tycho's SNR is particularly well suited for observations with the imaging technique since it has a small angular size (-6 arcmin). Currently for Tycho we have a 3CT upper limit of 9x 10-12 cm-2 sec-1 which is a factor of two above the model of Drury, Aharonian, and Yolk (1994) . For the remnant G78. 2+2.1, Aharonian (1994) predicts a gamma-ray flux above 1 TeV of approximately 1.8xlO-11 cm-2 s-1 for a spectrum of E-2. 1 . This flux is comparable to that of the Crab Nebula, and although it is spread out over a 1 0 source it should be easily detectable. Analysis of this data is currently in progress.
Simulations and Energy Spectra
A 1 TeV gamma-ray initiated air shower produces a pancake of Cherenkov light that is about 200 meters in diameter and about one meter thick when it strikes the ground. At the edge of the pancake the light intensity falls exponentially and, at energies above 1 TeV, there is a central spike in intensity which grows rapidly with increasing gamma-ray energy as shown in figure 5. In the portion of the pancake between the central spike and the edge, the light intensity is roughly proportional to the energy of the incident gamma. Light from this region is suitable for an estimate of the energy. Unfortunately, nature only provides gamma's at random locations relative to the telescope and the distance to the core of the shower can only be estimated. This limits the telescope energy resolution. There are also large fluctuations in how· deeply the initial gamma penetrates the atmosphere before producing Impact radius (m) Figure 5 . Lateral distribution of Cherenkov light intensity for a 1 TeV gammainitiated air shower. The central spike grows rapidly with energy and exhibits large shower-to-shower fluctuations. Light intensity at the edge falls approximately exponentially.
the first e+e-pair and also in the depth at which the next few interactions occur. These fluctuations change the Cherenkov light intensity at ground level further limit the energy resolution of the telescope. Nevertheless, because of large collection area and the resulting relatively high event rate, it is possible to make accurate determinations of spectra. In order to extract as much information about the energy spectra of Te V sources as possible, we have developed Monte Carlo codes for simulation of the electromagnetic cascade, ,Cherenkov light generation, atmospheric transmission and the response of the telescope. There are several results from these studies.
For instance, we have found that gamma-ray selection methods, (e.g. supercuts) designed to maximize signal by minimizing cosmic-ray background while keeping a large fraction of the gamma's generally are not optimal for determining source spectra. The reason for this is that since energy spectra fall as E-'Y such methods will be biased to preferentially pick out gamma's near the telescope threshold. This effect can be seen by examining the variation with energy of the telescope collection area as shown in figure 6 for the supercuts selection.
We have modified the supercuts procedure to reject the maximum number of cosmicray background events while keeping the collection area for gamma's approximately constant. This results in the curve labeled extended supercuts (ESC) in Fig. 6 . As can be seen from the figure, it is possible to determine spectra from about 0.3 to beyond 10 TeV using this procedure. The energy resolution of the telescop-e ist1E / E ,. ..., 0.4 limited by the uncertainties in the core location and vertical development of the shower as described above.
We have extracted Te V spectra for the Crab and for Markarian 421 as published in Lewis et al. (1993) and Mohanty et al. (1993) respectively. As a check of this procedure our collaborators at the University of Leeds, A.H. Hillas and M. West, have developed a different algorithm based on a completely independent set of simulations which yields a different result for the Crab spectrum (,....,20% difference in the exponent of the power-law Primary energy (TeV) Figure 6 . Collection area of the Whipple 10m telescope as a function of incident gamma-ray energy. The two curves correspond to supercuts (SC) and extended supercuts (ESC) as explained in the text. spectrum). We have been working for some time to resolve these differences. A meeting to be held shortly at Iowa State University of the Leeds and ISU collaborators should settle the matter.
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LETTERS TO NATURE
The very-high-energy ')I-ray telescope'o at the Whipple Observatory images Cerenkov light from air showers on a twodimensional array of 109 fast photomultipliers with a pixel size of 0,25 0 • Monte Carlo simulations'3.14 and repeated observations of the Crab Nebula,s.'6 demonstrate that the Cerenkov light images of air showers induced by ')I-rays can be reliably distinguished from those induced by cosmic-rays (that is, nucleons).
The most sensitive techni~ue yet used .by the Whipple group for this purpose ('supercuts' ') uses four parameters to characterize the roughly elliptical shower image. Two of these are the root-mean-square length and width of the ellipse. A third, 'distance', is the angular distance of the centroid of the shower image from the assumed source location in the image plane. A fourth parameter, 'alpha', gives the orientation of the image. Alpha is defined to be the angle between the major axis of the shower image and a line from its centroid to the assumed source location in the image plane. For ')I-ray showers from a point-like source, alpha should be near 0 0 because the elliptical images point to the location of the source in the image plane. The supercuts procedure I7 selects showers with small size, at distances from 0.510 to 1.1 0 , and with values of alpha <15 degrees.
In Fig. 1 a, the alpha distributions for on-source and off-source observations of Mk 421 are compared after the other supercuts selection criteria have been satisfied. For the region of alpha <15 degrees there is a 6.30 ' excess, with 302 on-source showers and 166 off-source showers. These observations were made between 24 March and 2 June 1992 for a total of 7.5 hours on-source and an equal amount of time off-source. The excess corresponds to an average flux of 1.5 x to-II photons cm-2 s-' above 0.5 TeV, equivalent to 0.3 times that of the Crab Nebula. If one assumes isotropic emission at a distance of 124 Mpc, then the corresponding luminosity is _10 43 erg s-'. But as Mk 421 is known to show jet-like behaviour, the actual TeV luminosity may be considerably less.
For comparison, the alpha distributions for the previously reported observations of the Crab Nebula" are shown in Fig.  t b. For the Crab Nebula the excess has a statistical significance of 340'. For both sources, the data of Fig. 1 have been restricted to observations at elevations greater than 55 0 • The similarity between the Mk 421 excess in the small-angle region of Fig. 1 and the corresponding excess for the Crab Nebula corroborates the Mk 421 signal. As a measure of the stability of the Whipple detector, the on-source and off-source datasets contained 77,181 and 76,761 raw, uncut showers, respectively, a difference of only 0.55%. We have investigated the possibility that the excess shown in Fig. la may be a systematic effect related to the on-and 1.200 b
Mk 421
Crab Nebula 1.000 On·source ---On·source Figure 2 shows the map from the observations of Mk 421. The centre of the field of view corresponds to the known direction of the source. The peak seen is within 0.10 degree of this direction.
Mk 421 is only the second source to be seen by the Cerenkov imaging techniqu~ and the first extragalactic source. The powerlaw energy spectra reported by EGRET (C. E. Fichtel, personal communication) for the active galactic nuclei that it has9ctected are uniformly hard, widi differential photon spectral indices of two or less. For Mk 421 the differential power-law index is estimated as - 1.8 (r.218,1993 February 10 l. INTRODUCTION Following the reports of the detection of gamma rays from Cygnus X-3 at TeV and PeV energies (Stepanian et al. 1977; Samorski & Stamm 1983) , there has been intense observational activity over the entire gamma-ray spectrum above 0.1 TeV. Many other sources have been reported, some of them previously unsuspected of being sites of high-energy activity. These reports, as well as many upper limits on candidate sources, have been the subject of several reviews (Chadwick et al. 1990; Fegan 1990; Weekes 1992) . Although there have been significant advances in detector technology, the observational situation is still confused, with conflicting upper limits and detections.
In this paper we report on the observations of a variety of sources with a single high-resolution imaging atmospheric Cerenkov camera; these observations were made over the 3 yr period from 1988 to 1991. The energy threshold was 0.4 TeV with significant sensitivity over the energy range 0.4-4.0 TeV. The efficacy of this technique for the detection of gamma rays from the Crab Nebula has already been reported Vacanti et al. 1991) . Because of its ability to discriminate between gamma-ray-and hadron-initiated air showers, the t Department of Physics and Astronomy, Iowa State University, Ames, IA 50011-3160. 2 Postal address: Physics Department, University College, Belfield, Dublin 4, Ireland.
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. 'camera achieved a flux sensitivity an order of magnitude better than conventional nondiscriminating telescopes. Although absolute sensitivities with these techniques are imprecise, it is still possible to relate the fluxes to the observed steady flux from the Crab Nebula. After a brief description of the camera and the observation method used, new observations of the Crab Nebula are reported; selection routines optimized on observations of this source are then used to search for emission from a variety of other objects. These can be divided into two classes: the classical sources which can be confidently predicted to be TeV emitters at some level, and the serendipitous sources in which high-energy particle activity is unexpected. In this 3 yr observing campaign, only upper limits were obtained on sources in both classes. 2 . THE HIGH-RESOLUTION CAMERA An early version of the Cerenkov Imaging Camera using 37 pixels yielded the first clear detection of the Crab Nebula at . TeV energies ). To improve the sensitivity of the technique, the camera was upgraded to a higher resolution version in 1988 May. This system consists of an array of 109 photomultiplier tubes in the focal plane of the Whipple Observatory 10 m optical reflector ( Fig. 1) . The array consists of 91 2.9 em photomultiplier tubes in a hexagonal matrix with 0~2S spacing between centers. These are surrounded by an outer hexagonal ring of 18 5 cm tubes ( Fig. 2) . The camera is triggered when any two of the inner 91 tubes exceed a preset threshold (40 photoelectrons in a 10 ns interval). The trigger rate varies between 150 and 300 per minute, depending on the reflectivity of the mirrors and the zenith angle of the observation. At the beginning and end of each night's observations, calibration data are obtained using a fast nitrogen flashlamp to generate artificial events for the purpose of determining the relative tube gains. The camera is also artificially triggered to measure the magnitude of the noise in each phototube caused ppnr.all 'AGi IIlAt« NOT FILMfl> by fluctuations in night-sky light. For a more detailed camera description, see Cawley et al. (1990) .
The significance levels quoted throughout this paper are calculated assuming Poisson fluctuations only in both ON and OFF counts, i.e., the significance level is given by
It may be argued that this maximizes the significance level by ignoring the possibility of non-Poissonian errors in the data. More elaborate tests on a large subset of the data have shown that the signal fluctuations are only a little greater than Po issonian. As opposed to this possible reduction in significance level, it can also be argued that the above expression actually represents the uncertainty in the strength of the signal being observed, and that the" significance level" associated with the detection of the signal is more realistically represented by S2 = (ON -OFF)/(2 x OFF)1I2 , which gives the probability that the observed signal is due to a fluctuation in the background; there is a background count in both the ON and OFF counts; hence, the factor of 2 in the denominator (Hill as 1992). S2 may be considerably larger than SI for large differences between ON and OFF counts. At present, though, this modest increase in the calculated significance is largely offset by the small additional non-Poissonian fluctuations. So, by continuing to use the more commonly accepted expression where the variance involves both ON and 208 REYNOLDS ET AL. Vol. 404 OFF counts, we seem to have a simple measure which is fairly close to the real significance, and which facilitates comparison with significance levels in the literature. 3. CRAB NEBULA OBSERVATIONS: 1988 3. 1. Observation of the Crab Nebula, 1988 -1989 ; Azwidth Analysis To compare the sensitivity of the high-resolution camera with that of the previous 37 pixel camera, the Crab Nebula was again monitored over the epoch [1988] [1989] . Results of the analysis of this data have been reported in detail elsewhere ); here they are briefly summarized since they form the basis for comparison with data analysis on all other sources.
The 1988-1989 data base consisted of 65 ON/OFF pairs, comprising some 30 hr of ON-source observations. The observations were taken under optimum conditions (clear sky, newly coated mirrors, low zenith angles, etc.). The first analysis was similar to that employed in the initial detection (Weekes et al. 1989 ) which had given a 9 u detection based on 60 hr of ON-source observation. Candidate gamma-ray images were selected based on their orientation and shape; at the zenith, this selection rejected 97% of the triggered events. These selection criteria were determined a priori from Monte Carlo simulations of images from hadron and photon-initiated showers. Using the single parameter discriminant Azwidth which combines shape and orientation characteristics of the images, a 20 u detection was obtained (see Appendix A for definitions of the image parameters such as Azwidth). The results are summarized in Table 1 . Clearly, the new camera is more sensitive than the earlier version and the reported detection is confirmed with high significance with the improved detector. The measured flux is 70 X 10-12 cm-2 S-I above 0.4 TeY. The flux sensitivity has been improved by a factor of between 2 and 3 over the previous 37 pixel camera.
Optimization of the Cerenkov Imaging Technique on the
Crab Nebula Data: 1988 Data: -1989 In the above analysis, the individual events were calibrated and prepared for analysis essentially using the methods outlined in previous papers Vacanti et al. 1991) . A more efficient method of event treatment was subsequently developed involving more sophisticated handling of pedestals, noise, and gains . Previously the gamma-ray selection was based principally on the Azwidth parameter using gamma-ray domain boundaries which were predetermined by shower simulations (HiJlas 1985) . Here a new multiparameter selection is implemented in which the domain boundaries, defined by the shape and orientation parameters, are optimized on a subset of the data, namely the 1988-1989 season of observations on the Crab Nebula. Details of the analysis procedures and cut values are given in Appendix B. With this selection technique (" Supercuts "), the significance of a source detection is increased by a factor of 1.75 over the simpler Azwidth analysis .
The efficacy of Supercuts can be judged from its application to the standard Crab 1988/1989 data base where the significance has been increased to 34 u. Detailed results are summarized in Table 2 . Since Supercuts have been optimized on this set of data, the excess does not have the usual statistical significance. In § 3.3 we show its application to subsequent observations of the Crab Nebula. The same procedure has been used in analyzing data from several other sources ( § 4). In these cases we can derive upper limits (or fluxes) for gamma rays relative to the Crab Nebula flux assuming source spectra similar to that of the Crab; if the source spectrum is significantly different, then the sensitivity may be less.
It has been suggested by Bowden et al. (1992) that the geomagnetic field of Earth may have an adverse effect on the efficiency of the selection procedure used in the imaging technique. Our observations of the Crab Nebula give no indication of this, nor is there support for this effect in our Monte Carlo simulations. The range of transverse magnetic fields covered by our observations of the Crab Nebula is 0.18 G (culmination at zenith angle of 80 Recently the same Supercuts procedure was shown to be effective in detecting a gamma-ray signal from Markarian 421 (Punch et al. 1992a) ; in this case the range of magnetic field was from 0.30 to 0.45 G. The range of magnetic fields encountered in the observation of the sources listed in § 4 is from 0.00 to 0.50 G, not far beyond the range encountered in the Crab observations. Monte Carlo simulations (Hillas 1991) show that the overall effect of the geomagnetic field is that of a slight increase in the effective energy of the selected gamma rays with the transverse magnetic field but that there is negligible effect on the shower parameters. Hence the effect of the magnetic field is slight and within the range of uncertainties (a factor of 1.5) of the absolute energy threshold of the telescope which is calculated for a geomagnetic field of 0.25 G. : 1988-1991 Applying Supercuts .. a posteriori" to the 1988-1989 data base (from which it' is derived), the detection level has been increased to 34 U. The same Supercuts selection is now applied (" a priori") to the subsequent Crab observations taken in 1989~1990and 1990-1991. Detailed results are summarized in Table 3 together with the total for all three observing seasons ). . .. The following points should be noted:
Application to the Crab Nebula Observations
1. The signal is seen each year with no evidence for variability; the decline in statistical significance is consistent with the increase in energy threshold due to the degradation in mirror reflectivity. 2. The overall detection (1988 2. The overall detection ( -1991 .5 nificance associated with 45.5 (J as it includes the optimized result for 1988-1989. 3 . The signal is seen strongly in the raw data; the hardware trigger, which demands that any two of the inner 91 PMTs exceed a preset threshold level, favors narrow images where the light is concentrated within a small number of pixels; a similar amount of light in a more diffuse hadron-like image will not so readily trigger t!Ie system, thus resulting in a hardware trigger bias toward narrow~ gamma-ray like, imageS:-4. The signal is seen after software processing with selection both by shape and orientation and in a combined selection by shape with orientation as predicted by simulations. 5 . With Supercuts, a signal has been isolated that is 59% gamma rays, 41 % background; the gamma-ray signal is detected at a rate of 1.2 per minute and the number of gamma rays recorded from this source is 4891. 6 . In a recent paper (Akerlof et al. 1991a ) it is shown that the source location capability (angular resolution) of the technique for a source of this strength is a few arcminutes (similar to EGRET on the Gamma Ray Observatory}--when the Crab Nebula was deliberately displaced from the center of the field of view of the telescope, an unambiguous signal was detected at the expected celestial coordinates, thus eliminating the possibility of any symmetry-induced biases in the original on-axis detections. 7 . The signal is about 0.5% of the cosmic-ray background; for a conventional camera which triggered on cosmic-ray showers, ihis might be about 0.2% of the background.
The distribution of the excesses per run calculated after the application of Supercuts was examined (the average run duration was 28 minutes). No evidence for variability was found on this time scale. A search has also been made for evidence of periodic emission at the known Crab Pulsar period. The data base for this analysis was expanded from that used above since it was possible to include tracking observations under nonoptimum conditions. The expanded data base covered 7390 minutes. As reported previously , no evidence is found for steady pulsar emission, and an upper limit is estimated at 1.4 x 10-12 cml S-1 (E > 0.4 TeV), i.e., less than 2% of the unpulsed nebular emission. The resulting light curve for the 3 yr of Supercuts data folded at the Crab period using the pulsar ephemeris (Lyne & Pritchard 1991) is shown in Figure 3 . In an examination of individual runs for periodic emission, one scan did show some indication of a Crab-like light curve (Punch et al. 1992b ); the narrow peak of the light curve was found to be within 0.03 of the expected phase. This scan was a tracking run taken on 1991 January 11, starting at 0402 UT and lasting for 29 sidereal minutes. The probability that this peak was due to a random fluctuation was estimated at 0.7% (taking all tests on the complete data set into consideration). As evidence for TeV gamma-ray pulsar emission, the significance of this isolated scan, in the absence of a clear a priori hypothesis, is not compelling. 4 . APPLlCA TION OF THE CERENKOV IMAGING TECHNIQUE TO OTHER SOURCES
In Table 4 we summarize the flux levels and upper limits for a total of 27 objects monitored using the high-resolution camera between 1988 May and 1991 June (Akerlof et al. 1991b; Reynolds et al. 1991b ). Only one source, the Crab Nebula, is presented as a positive detection; for all the other objects we present upper limits for steady, unpulsed emission. The 3 (J upper limits are based on the Supercuts analysis; here • Detection flux level rather than upper limit.
• 1,11. < 1.1 x 10-3 (see text).
, <1.9 x 10-9 cm-2 5-1 rad-I .
tainty factor of 1.5 in the absolute value of energy threshold and collection area. In cases where there is apparent conflict with quoted fluxes from previous detections, it must be borne in mind that these upper limits are for steady emission of TeV gamma rays; for transient sources, such upper limits may not be relevant unless coupled with a long observing campaign. In Tables 5 and 6 we present details of the observations on the sources. The source catalog is divided into two categories: .. classical" sources and binaries and pulsars. Each source is discussed briefly below.
Classical Sources
Much of the excitement in VHE gamma-ray astronomy has come from the detection of the episodic periodic galactic sources. This has led to the relative neglect of a wide spectrum of" classical" sources. These are characterized by the fact that emission of TeV gamma rays is expected at some level, based on theoretical predictions or on observations at longer wavelengths. The predicted level is uncertain and may be below the level achievable with the presen~ generation of detectors; here we report observations on these' sources with the Whipple high-resolution camera. Diffuse Background (extended source).-There are no detailed theoretical predictions of the diffuse background at TeV energies but, by extrapolation of measurements at MeV-GeV energies, it is expected to be about 1O-s of the cosmic-ray background at comparable TeV energies. The atmospheric Cerenkov imaging technique offers the first possibility of measuring the flux because of the ability of the technique to discriminate gamma-ray showers from those caused by hadrons. Because the flux is diffuse, only the shape parameter, Width, can be used. Simulations show that a range of Width from 0~04 to 0~12 results in the detection of the diffuse gamma-ray component with 71 % efficiency. Based on 5 hr of observation at the zenith, the percentage of detected events in this range is determined (3.8%); a high fraction of these events come from local cosmic rays passing through the phototubes. This fraction was measured (with camera closed) and found to be 2.96% of the total. The percentage of true cosmic-ray shower events within the gamma-ray domain is then 0.84% ± 0.13%. Allowing for the triggering inefficiency of background showers compared to gamma-ray showers and the collection area for gamma rays, an upper limit (>0.4 TeV) 1,"mmJ I hadron < 1.1 X 10-3 is derived.
Galactic Plane (extended source).-There have been previous No.1, 1992 TeV GAMMA-RAY SOURCES al. 1985) . Two six hour drift-scans across the plane gave an upper limit of 1.9 x 10 -9 em -2 S -1 rad -1 with energy 0.4 Te V for a source region + 50 of galactic latitude using shape selection only; this agrees with limits reported previously for E > 0.9 TeV (Reynolds et al. 1990 ).
Taurus Giant Molecular Cloud (extended source).-There have been several predictions of VHE emission from GMC's.
Because of their large extent they are not ideally suited to observation with narrow beam atmospheric Cerenkov telescopes. However, some models indicate that the diffuse fluxes from such sources may be within the sensitivity of the Cerenkov imaging technique (e.g., Aharonian 1990). Here, the first upper limit on the Taurus GMC is reported as 1.8 x 10-11 em -2 S -1 above 0.5 TeV where gamma-ray event selection has been limited to shape (Width) only. The energy spectrum is plotted in Figure 4 . 
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Plerions.-A plerion is a supernova remnant with a centrally filled morphology, similar to the Crab Nebula. Three other plerions wefe monitored, namely SS 433, 3C 58 and PSR 0656; none of these would be expeCted to have the intensity of the Crab Nebula. The results of these observations are given in upper (Gorham, Stenger, & Weekes 1982) and F (>0.4 TeV) < 2.1 x lO-10 em-2 S-1 (Bowden et al. 1991a ).
2CG 135 + I (MeV/GeV source).-This was first reported as
a gamma-ray source by the COS-B experiment. The upper limit (Table 4) is based on the assumption that the source is at the center of the error circle (of radius 1 0 ) and has a Crab-like spectrum.
Geminga (MeV/GeV source).-The high energy gamma-ray source 2CG 195 + 4 is the second strongest source in the COS B catalog. A 59 s periodicity was reported on the basis of SAS 2 data (Thompson et al. 1977) but not confinned by COS B (Masnou et al. 1981 ; an earlier confirmation was withdrawn after reconsidering the statistics involved). Low significance detections at TeV energies have been claimed by two groups, but both depend on the disputed 59 s periodicity (Zyskin & Mukanov 1985; Kaul et al. 1985) . The claimed pulsed fluxes were 5 x 10-11 cm-2 S-I (E> I TeV) and 9.5 x lO-12 em-2 s -I (E> 6 TeV), respectively. This much-studied source was an object of high priority for observations using the highresolution camera. A large data base was accumulated, and results from the complete analysis will be presented elsewhere .
Results from a subset of the data base are presented in Table 5 ; there is as yet no evidence for TeV gamma-ray emission of 8.9 x lO-12 cm -2 S-I (E > 0.4 TeV), i.e., less than 13% of the flux of the Crab Nebula, is derived. (Enomoto et al. 1990a ) reported the apparent detection of a number of sources with energies >40 GeV. The strongest of these (source .. A ") was monitored using the lO m Cerenkov Imaging telescope in 1990 May with null results. Because of positional uncertainty, the upper limit quoted in Table 4 has been based on shape discrimination only. The energy spectrum is shown in Figure 5 . A subsequent flight of the aircraft experiment failed to confirm this source; the original detection may have been due to a fluctuation in the diffuse gamma-ray background (Enomoto et al. 1990b) . (Table 4 and Fig. 6 ). (Hartman et al. 1992) . Observations reported previously ) are reanalyzed with Supercuts and a new upper limit reported in Table 4 and Figure 7 . These observations were made in the spring of 1989, prior to the launch of the GRO. The source was not in a high state of activity at that time (Webb et a!. 1990; Hartman et al. 1992) .
GeV-A (GeV source).-The Japanese aircraft experiment
''''I .... ,
3C 279 (MeV/GeV source, quasar).-This is reported as a new variable source in 1991 May by EGRET on the Compton Gamma-Ray Observatory
NCC 4151 (MeV source, AGN).-Observations taken in 1990-1991 at high elevation give a sirong upper limit (Table 4) . 10 .• "'" 
M87 (radio galaxy)
.-This strong radio galaxy with conspicuous jet has been predicted to be a source of Te V gamma rays (Rieke & Weekes 1969) ; no evidence for gamma-ray emission is found in these observations (Table 4) . SN 199OB, SN 1991T (extragalaciic supernovae) .-These two relatively bright supernovae were observed soon after initial outburst; there is no evidence for TeV gamma-ray emission. SN 1991T was the brightest Type Ia supernovae seen since 1972; it was a target of opportunity for the Compton GRO, but no gamma-ray emission was seen at any wavelength.
Binaries and Pulsars
TeV emission has been claimed from many X-ray binaries, radio pulsars, and cataclysmic variables (for recent reviews, see Chadwick et a!. 1990; Fegan 1990; Weekes 1992) . In almost all cases the reported signal is periodic and episodic with the episodes lasting from minutes to days. In most cases the signals do not have the properties expected of gamma-ray showers. The Whipple Observatory high-resolution imaging telescope was used to observe a selection of these objects; detailed reports on some of these sources have been published elsewhere Macomb et al. 1991; Reynolds et a!. 1991a; O'Flaherty et al. 1991) .
Observations were in two forms: ON/OFF as used for steady sources and tracking (ON only) when weather conditions were less than optimum. The latter :were used to supplement the data base in searching for periodicity. All observations were made between 1988 May and 1991 June. Energy threshold and flux limits are quoted assuming an energy spectrum similar to that of the Crab Nebula. No statistically significant signals were seen from any of the sources, either in terms of a net excess or a steady or episodic periodic signal. Upper limits for the net excess are quoted in Table 4 for the sources observed; in the absence of definite predictions, it is difficult to quote meaningful upper limits from the periodic searches. For the radio pulsars the limits are based on an assumed 10% duty cycle with all observations phase-linked.
Cyg X-3 (binary).-TeV gamma-ray emission was detected by several groups from this source at relatively low statistical significance during the 1970s and early 1980s (see review in Weekes 1988). The emission was typically modulated at the 4.8 hr orbital period with an average flux of 2 x 10 -10 cm -2 S -I near phase 0.2 or 0.65. In recent years, most searches have concentrated on the possible periodic component in the gamma-ray signal and there have been no recent reports of a net excess from this source at TeV energies. There have been a number of reports by the Durham group of the detection of a 12.59 msec periodicity (e.g., Bowden et al. 1991b ). This has been confirmed by the Adelaide group (Gregory et a!. 1990 ), but only upper limits have been reported by the Whipple, Haleakala, and Tata groups (O'Flaherty et al. 1991; Resvanis et a!. 1987; Bhat, Ramana Murthy, & Vishwanath 1988 ). Here we report an upper limit of 3.5 x 10-12 S -I for unpulsed gamma-ray emission, which is an order of magnitude below the fluxes observed in the early 1980s when the latter are averaged over the complete 4.8 hr cycle. We find no evidence for any modulation at either the 4.8 hr orbital period or the 12.59 ms pulsar period.
Her X-I (binary).-This is one of the best observed and best established binary sources with all reports based on the observation of episodic outbursts of periodic emission. A summary of 6 yr of observations of this source by the Whipple telescope has been published elsewhere (Reynolds et al. 1991a) . In this 10 -,. report the data base has been extended by another year of observations with the high-resolution camera; again no significant emission is detected. An upper limit to the steady emission is found at a level of 3.3 x 10-12 cm -2 S -1, or 1/20th that of the Crab Nebula (Fig. 8) . This may be contrasted with the peak flux of 1.2 x 10-9 cm -2 S -1 during the discovery burst (Dowthwaite et al. 1984 ) which was one of the strongest outbursts of VHE gamma rays ever recorded. It would appear that this source is capable of changing its level of VHE gamma-ray activity by two to three orders of magnitude.
Energy (eV)
4U 0115 +63 (binary).~teV emission modulated at the pulsar period of 3.6 s was first detected by the Durham group (Chadwick et al. 1985 ) with a flux of 7 x 10 -11 em -2 S -I (E> 1 TeV). This was confirmed by the same group at a flux of 4.4 x 10-10 em-2 S-1 (E> 0.4 TeV) (Brazier et al. 1990a ). In both instances, no variation in signal strength was found which suggests that 4U 0115+63 is a source of continuous TeV radiation with a flux a factor of 6 larger than the steady flux from the Crab Nebula. Analysis of 4 yr of data on 4U 0115+63 taken using the imaging gamma-ray telescope at the Whipple Observatory is repo-rted 'in -detaIl elsewhere (Macomb et al. 1991 ). Here we rePort an upper-limit for steady emission of 1.2 x 10-11 cm-2 S-1 (E > 0.55 TeV) based on 16 ON/OFF 23 minute scans taken with the high-resolution camera on 6 nights in 1988 December 1-12.
V0332 + 53 (binary).-This is a transient X-ray emitter with a 4:4 s pulsar period. TeV emission has not been observed from this source, and upper limits have previously been presented (Cawley et al. 1987 ). Here we report a more stringent upper limit for steady gamma-ray emission of 1.4 x 10-11 cm- 
(E> 0.4 TeV).
SCD X-I (binary).-There have been several claims for UHE emission from this X-ray binary (Matano et al. 1990; Gupta et al. 1991 ) and one report of VHE emission (Brazier et al. 199Ob ). The latter corresponds to a steady flux of 1.2 x 10 -J 0 em -2 S -I (E > 0.3 Te V) with weak evidence for modulation at the 0.787 day orbital period. Here we report an upper limit of 1.2 x 10 -11 em -2 S -1 (E > 0.75 Te V) based on 10.5 hr of data.
4U 2129 + 47.-This binary was suggested as a potential TeV emitter by Cheng (1990) ; there have been no previous reports of gamma-ray emission from this source. No net excess was found, and the upper limit is presented in Table 4 . The data were also tested for modulation at the 5.2 hr binary orbital period (McClintock et al. 1982) . No evidence for modulation was found, but phase coverage was incomplete.
IE 2259+58 (binary).-A time-averaged flux of 2 x 10-10 em-2 S-1 (E > 0.4 TeV) was reported from this source by the Durham group based on observations made in 1988 October (Brazier et al. 199Oc ). The reported flux was modulated at a period close to the second harmonic of the X-ray pulsar period (Le., close to 3.5 s). Upper limits for this source have been reported previously (see Cawley et al. 1991 for details). In particular, an upper limit for pulsed emission of 2.4 x 10-11 em -2 S-1 (E > 0.6 TeV) was reported for data taken over the same time span as the Durham observations. The data discussed here were taken in 1990-1991, and again no periodicity was found in the expanded data base which included an extra 350 minutes. An upper limit to the periodic gamma-ray signal (assuming a sinusoid light curve) was derived from 300 minutes of data which were phase-linked over 14 days, similar to that in the original discovery; this limit was 1.4 x 10 -11 em -2 S -1 or 310 millicrab (Fig. 9) . AM Her (cataclysmic variable).-VHE gamma-ray emission has been reported from two cataclysmic variables: AM Her (Bhat et al. 1990a ) and AE Aqr (Bowden et al. 1991c; Meintjis et al. 1991 ). The time-averaged flux reported for the magnetic white-dwarf binary system AM Her was 5.6 x 10-11 em -2 S -1 (E> 2 TeV). The flux was modulated at the 3.1 hr binary orbital period. Observations using the high-resolution Cerenkov imaging camera in 1990-1991 showed no evidence for TeV emission from this source, and an upper limit was found which is a factor of 10 below the reported flux for a lower threshold energy.
PSR 0950+08 (pulsar).-There have been some claims of
10 -I.
~ 10 -II r;:
Enn-gy (eV) 
No. I, 1992
TeV GAMMA-RAY SOURCES 215
TeV emission from this 0.253 s radio pulsar, but the significances were low and in some instances the effects vanished following reanalysis Witb improved epbemerides (see Weekes 1988 for references and details). An upper limit for unpulsed emission based on ON/OFF data is presented in Table 4 . When this data is combined with an extra 917 minutes of tracking data, no evidence (or periodic emission is found and the upper limit to steady periodic emission with a 10% duty cycle is 1.4 x 10-12 em-2 S-1 for E > 0.4 TeV (a relative flux of 20 millicrab).
PSR 0355 + 54 (pulsar).-This 0.156 s radio pulsar is characterized by occasional large glitches, similar to those seen in the Vela pulsar (the strongest 100 MeV source in the COS B catalog). A modulated gamma-ray flux of 8.6 x 10-12 em -2 S-1 (E> 1.3 TeV) was reported from this source (Bhat et al. 1990b ) for data taken in 1987 December (two large radio glitches were observed during 1986). No evidence for emission was found using the high-resolution camera, and an upper limit for unpulsed emission is given in Table 4 . From a total of 2328 minutes of tracking data we derive an upper limit to steady periodic emission with a 10% duty cycle of 1.1 x 10-12 em -2 S -I for E > 0.45 Te V (Fig. 10) . This corresponds to a relative flux of 20 millicrab. PSR 1855+09 (msec pulsar).-This 5.4 ms pulsar is nearby (400 pc from the solar system) and is predicted to give a strong TeV flux. It was first claimed as a source of TeV gamma-ray emission by the Potchefstroom group (de Jager et a !. 1990) although the overall significance level was marginal (5%). The estimated peak flux was 1.6 x 10-10 em -2 S -I for E> 2 TeV (both flux and threshold are approximate as they are not explicitly stated in this form in de Jager et al. 1990 ). The Durham group have reported a peak flux of 5 x 10-10 em -2 S -1 (E > 0.4 TeV) pulsed at the second harmonic of the radio period (Bowden et al. 1991d) . No evidence for gamma-ray emission was found using the Cerenkov Imaging detector. A total of 419 minutes of tracking data gives an upper limit to steady periodic emission of 3.4 x 10 -12 em -2 S -1 (E > 0.6
TeV), or a relative flux of 90 millicrab. 5. CONCLUSIONS An optimized data selection procedure has been derived based on one season of observations of the Crab Nebula; this increases the flux sensitivity of the Whipple Imaging detector by a factor of about 20 compared with a nonimaging detector. A factor of order 4 was gained in the original 37 pixel system; this was followed by a factor of order 3 in going to the highresolution camera, with a subsequent factor of order 1.7 gained through optimization of software selection procedures. The selection is verified by application to subsequent observations of the Crab Nebula. Using this selection, a signal can be seen from the Crab Nebula at a level in excess of 6 a (on average) in 1 hr of observation on the source (with a corresponding time observing a background region); a source one-tenth the strength of the Crab Nebula can be detected at the 4 a level in 40 hr on the source (and 40 hr on a background region). The same selection has been applied to the analysis of observations of a number of other sources; only upper limits arefound.
A second telescope of 11 m diameter has now been deployed at a distance of 120 m from the original 10 m reflector on Mount Hopkins. The capability of recording stereoscopic images of the Cerenkov flashes using these two telescopes, coupled with a lower energy threshold, should give rise to an order-or-magnitude increase in the flux sensitivity for showers imaged in both telescopes (Akerlof et aJ. 1991c ). This more sensitive detector system will be used to carry out deeper searches for TeV emission from the sources discussed in this paper.
We acknowledge the assistance of Kevin Harris and Teresa Lappin in making the observations. We also acknowledge the support of the U.S. D.O. E., NASA, the Smithsonian Scholarly Studies Fund and Eolas, the Irish scientific funding agency.
APPENDIX A CALCULATION OF IMAGE PARAMETERS
Suppose the ith phototube is given coordinates Xi' Yi (in degrees) and registers a signal Si. The origin of the coordinates will be the center ofthe array of phototubes. We define 
The angle Alpha is defined as
DIstance
The image parameters are indicated in Figure 11 .
APPENDIX B THE "SUPERCUTS" IMAGE ANALYSIS PROCEDURE
Given the presence of a strong signal in the Crab Nebula data, it was possible to empirically develop analysis procedures which optimized the high-resolution camera sensitivity. These procedures involved pedestal determination and noise suppression, and used multivariate cuts to optimally separate the gamma-ray signal from the cosmic-ray background. Details of the various analysis stages are presented below.
Pedestals.-The analog-to-digital (ADC) pedestals and their root mean square (rms) deviations are calculated directly from the data, which involves two passes through the data for each run.
On the first pass, the pulse-height spectrum for each tube for the entire run of several thousand events is determined. As a first approximation, a Gaussian curve is fitted to this spectrum up to the maximum point; the pedestal and its rms deviation is taken as the center and standard deviation of this curve.
On the second pass, the pulse-height spectra are calculated again, but this time any tube is omitted which contains, or is adjacent to, a tube which contains a signal; a tube with a signal is defined as one which has over 4 times its rms deviation after pedestal subtraction. Individual pedestal values are taken as the median values of such spectra for every tube, and the rms deviation is taken as the standard deviation of a fitted Gaussian centered on the pedestal.
. For observations taken in 1991, the system was triggered artificially at regular intervals during each run to accumulate pedestal events relevant to each source or background region. These events were then used to evaluate the pedestals and rms deviations, and the procedure outlined above was not required.
Noise.-Instead of a simple global threshold , two thresholds are defined. The picture threshold is the multiple of the rms pedestal deviation which a tube must exceed to be part of the picture, and the boundary threshold the multiple which tubes adjacent to the picture must exceed to be part of the boundary (Fig. 12) . The picture and boundary together make up the image; all other tubes are set to zero. Initially, the Crab 1988-1989 standard data base was parameterized at different values of picture and boundary threshold in order to determine their optimum values. Figures 13a and 13b show the variation in the signal (number of sign:Ia) over the pictu~e/boundary threshold plane, which was sampled at the points shown. For the standard Azwidth cut ; the use of a boundary does not give a significant improvement over the 10 digital count noise threshold cutoff, or indeed over a cutoff based on rms deviations in the tubes (Fig. 13a) . However, when sets of parameters are used, the No. I, 1992 TeV GAMMA-RAY SOURCES 217 improvement is appreciable. One such set which was tested on the data consisted of the parameters Distance, Azwidth, Length, and the ratio of Width to Azwidth (Aharonian et al. 1991; Chilingarian & Cawley 1991) . As is evident in Figure 13b , there is a peak in excess of 30 (1 at a picture threshold of 4.25 and a boundary threshold of 2.25. If, however, both picture and boundary thresholds are made equal (equivalent to using a picture threshold alone), the significance drops to 27 (1. Gains.-With the previous camera it had been found necessary to use relative gains derived from the data, since individual photomultipliers had very different spectral responses; the tubes used in this new camera had a common history, and it was found that the comparative gains determined from nitrogen spark triggered test exposures were satisfactory.
Cut values.-In determining the parameter cuts, the same data base was used. It was decided to substitute a Width cut for the Azwidth cut in the set since this would allow separation of the shape and orientation elements of the cut. . .. 2 ' " "0 c:: parameter" Alpha" was defined as the angle between the major axis of the image and the line joining the image centroid to the center of the field of view (Appendix A).
.' The dependence of the Width and Length upper cut values on size was investigated by checking the optimum cut values when showers under various sizes were excluded. No significant change in the optimum cut value was found.
It was found empirically (and confirmed by simulations) that the introduction of a lower bound on the Distance cut could improve the signal. This amounts to excluding events close to the optic axis, whose orientation is not well-defined.
The optimum cut values determined are as follows: Shape discrimination: O~073 <Width < O~15 O~16 < Length < O~30 Orientation discrimination: O~51 < Distance < 1 ~l Miss/Distance < O~26 (equivalent to Alpha < 15°) .
The use of a zenith-angle dependence for the upper bound of the Width and Length cuts was investigated but was found to give no improvement in signal, so this was not used in the standard. Note that the range of zenith angle in this data base was restricted to <35°. It was found that the same selection works effectively on Crab data out to zenith angles of 45°.
(1.7 ± 0.3) x 10-7 photons/cm 2 Is. In Michelson et al. (1994) Mrk 42i wu considered a notable exception to the variability which has been generally associated with the other EGRET AGN sources.
In 1992 Mrk 421 became the first (and as yet, the only) EGRET source to be detected at higher energies. The Whipple Observatory collaboration reported its detection at a significance of 6.36 (Punch et al. 1992 ) for photon enerpes above 500 GeV. Since its discovery as a TeV source, Mrk 421 has been monitored by the Whipple Oheervatory very-high-energy 1-ray telescope ) for approximately 90 nights, totalling 130 hours of on-source observation with a comparable amount of time off-source. Observations 23 Dec 1993 -10 May 1994 showed an average source flux only approximately 1/2 that of its 1992 discovery level ). However subsequent observation showed a strong increase to a level (on May 15.25 UT, 1994) approximately 10 times the "quiescent" 1993-94 flux, rising to this level within a period of 5 days. At this high level, Mrk 421 was brighter at TeV energies than the Crab Nebula ). The outburst detected by the Whipple Observatory is strongly reminscent of the behavior seen at EGRET energies for the bright EGRET source, 3C279 (Kniffen et al. 1993) , in which this source varied by a factor of five over several days. A poasible correlated flare, in the 2-10 keY X-ray band, has been reported by Takahashi et al. (1994) for Mrk 421 from ASCA observations. The ASCA observations began approximately 1 day after the oheervation of the TeV high state.
In the following section oheervational details of the TeV outburst and its analysis are given. In a concluding section, a discussion of the implications of these observations and p088ible constraints that they place on theoretical models of AGN's are presented.
OBSERVATIONS, ANALYSIS, AND RESULTS
The very-high-energy 1-ray telescope (Cawley et aI. 1990 ) at the Whipple Oheervatory employs a 10 m diameter reflector to image Cherenkov light from air showers onto a two-dimensional array of 109 fast photomultipliers (pmts) with a pixel size of 0.25°. Since 1992, the 10 m telescope has been improved in a number of respects, with completely recoated mirror facets and somewhat lower electronic thresholds for its camera elements. The camera itself has been upgraded. Its outer ring of 18 5.08 em diameter pmts has been replaced with 18 2.86 em diameter pmts. Most recently each pmt was surrounded by a simple light funnel which captured Cherenkov light previously lost to the space between the pmts. The net result of these improvements is a reduction in effective threshold of the telescope to 250 GeV, with a cosmic-ray shower counting rate of 9 showers/so Monte Carlo simulations (Hillas 1985, Macomb and Lamb 1990) , repeated oheervations of the Crab Nebula by the Whipple collaboration , and observations by the CANGAROO group using the imaging technique (Tanimori et al. 1994 ) demonstrate that the Cherenkov light images of air showers induced by 1-rays can be reliably distinguished from those induced by cosmic rays (i. e., nucleons). The most sensitive technique yet used by the Whipple group for this purpose, "supercuts" ), uses four parameters to characterize the roughly elliptical shape of 1-ray shower images. Two of the parameters specify the shape of the image, and a third pves its location relative to the center of the field of view. The fourth parameter, "alpha", is the angle between the major axis of the shower image and a line from its centroid to the assumed source location in the image plane. For 1-ray showers from a point-like source, alpha should be small.
In figure 1 , the on-and off-source alpha distributions for the 15.25 500 GeV, consistent with the threshold ofthe original Whipple 1992 detection; Punch et al. 1992.) A very stronl excese near zero desrees is apparent in both datasets. In a), in the region of alpha <15° (the standard supercuts alpha-cut value), there is a 6.56 excess, wi til 254 on-aource showers and 127 off-source showers.
(The substitution of smaller pixel pmts in the canlera's outer ring gave better angular resolution but reduced the 1992 field-of-view from 3.9° -to 3.0'. This field:or-view reduction causes the alpha distribution for off-source showers to decrease somewhat for angles beyond 75°.) The duration of both the on-and off-source oheervations is 28.3 minutes. The difference in the two distributions gives a 1-ray counting rate 4.5±0.7 photons/minute. The effective collection area for gamma-rays above 250 GeV is 3.5 x lOS cm 2 • Thus this excelS corresponds to a flux of 2.1 ± 0.3 x 10-10 photons cm-2 s-1 above 250 GeV. This flux level is9 ±1.5times the average flux observed Dec 1993-Apri11994 (Schubnell et al. 1995 ), which we take to be representative of a "quiescent" level. Possible systematic errors in the effective collection area give the flux quoted an additional overall ±30% uncertainty; in addition there is a poasible sytematic uncertainty in the energy threshold of ±30%. The pooton rates for Mrk 421 derived from observations 10 -15 May and 29 May -12 June are shown in 2 figure 2. The errors on the points are purely statiBticaL Possible systematic enors due to changing sky conditions and zenith angle variations are small, and, to some extent measurable, with the raw shower counting rate in the telescope being the principal diagnostic. Using this diagnostic we estimate that there is an additional uncertainty of ±lO% in the rates shown in figure 2 . The observations were taken in two modes: an on/off mode in which equal time iB given to on-and off-source observations, and a tracking mode in which only on-source data iB taken. In order to establish an off-source background for the tracking runs a background template taken from the sum of all off-source runs was used.
The observations prior to 15 May (day 135) clearly show a rising rate consistent with an e-folding time of -2 days. This iB the first, clearcut case for variability in the TeV region for an extragalactic object on such a short timescale. In addition, a second region of enhanced emission of lesser significance, peaking on 7 June (day 158) 3CT above the quiescent level and confined to an interval of 4 days, iB evident as well.
While there are still large systematic uncertainties in the absolute energy spectra derived from imaging Cherenkov detectors, it is possible to compare the energy spectrum in the high and low intensity ste;tes. A preliminary analysis shows no change in the previously measured spectral index (Mohanty et aI. 1993 ) by more than ± 0.5 at the 90% confidence level.
DISCUSSION
No variability in the gamma-ray emission from Mrk 421 has been reported previously by EGRET at MeVGe V energies (Lin et aI. 1994) . This is uncharacteristic of such emission from blazars and has led to the suggestion by the EGRET group (Michelson et aI. 1994 ) that Mrk 421 is qualitatively different from the bulk of the EGRET detected AGN's. However, the strong TeV outburst with a time-scale of a few days reported here is reminiscent of the behavior seen for the stronger EGRET sources (e.g. 3C279, Kniffen et al. 1993 ). This suggests that, at least at TeV energies, Mrk 421 exhibits approximately the same degree of variability that the other EGRET AGN sources do.
The time of the peak ftux of figure 2, 15.25 May 1994 , precedes by 27 hours the beginning of an ASCA X-ray satellite observation from 16.4 -17.3 May. The X-ray flux observed (Takahashi et aI. 1994 ) was approximately 20 times the normal quiescent level of the 2-10 keY ftux (George, Warwick &cBromage 1988) . The near simultaneity of the two high states confirms the appropriateness ofthe TeV source's identification with Mrk 421. The previous identification (Punch et al. 1992 ) was based on the location of the TeV source within 0.10 of the known location of Mrk 421; the ASCA X-ray detector pin-points the source to less than an arc minute.
Variability for active galactic nuclei (AGN's) may be a useful diagnostic in constraining the physical environment of the massive black-holes which are thought to be their ultimate power source. For the BlrLac sub-class of AGN, the usual light travel time argument must be used with care, inasmuch as these objects are thought to have their relativiBtic jets oriented near to the line-of-sight to the earth (AotQQUcci 1993), and, as discussed in the introduction, the gamma-rays are generally thought to be usociated with the jets.
The limits to the spatial extent over which the TeV radiation occurs depends very much on the model for production. We consider two limiting cues representing two mutually exclusive extremes. In one extreme caSe we take the radiation to be emit~ from a highly localized wavefront moving directly towards the observer with velocity, pc. Under this assumption, the duration of emission in the wavefront comoving frame is (Zdziarski, Svensson &CPaczyJiaki 1991) ia: 4tcom = ~4t",~-~ 2i4t",;
where 4toh ia the characteriatic duration of the observed emission outburst, 2 days. In the observer rest frame, the wavefront travels a diatance, 2'Y 2 c4t o h' For a jet bulk velocity with 'Y of order 10, a value suggested from very long baseline radio interferometric observations of superluminal jets (e.g. Pandovani and Urry 1992), the maximum diBtance the wavefront travels along the jet axia would be stretched to -1 light year. ThiB ia an extreme upper limit, which may be physically unreasonable if the radiation is due to the inverse Compton process from a population of relativiBtic electrons. If the magnetic field close to the AGN center is appreciably higher than in the outer lobes, electrons of appropriate energy could not survive for such a long time, and then the 2-day observed duration would represent the actual duration (in our frame) of the injection of high energy particles.
The other limiting case that we consider ia that of a causally-linked volume emitting radiation at its boundary.
If the volume iB at rest with respect to the observer, its characteristic size, 4r, is simply c4t",. This last expreaion may be of interest for models of 'Y-ray production which generate photons from shock acceleration of particles in the body of the AGN jet.
The dep-ee to which the X-ray and TeV high states coincide is uncertain becauae of the limited duration of the X-ray obeervation, May 16.4-17.3 UT, and the limited sampling of the TeV observations. A maximum duration of the first TeV high intensity state is -10 days. The duration of the X-ray high state is unknown. Previous monitoring of Mrk 421 at X-ray energies (George, Warwick &: Bromage 1988; Makino et al. 1987; Giommi et al. 1990 ) has shown that such X-ray high states are relatively rare, consistent with the observation that BL Lacs spend less that 10% of the time in flares that involve luminosity variation of factors of two or more (Giommi et al. 1990 ). Thus, if typical, the May X-ray flare may be relatively short-lived with a duration comparable to or less than our limit on the duration of the TeV high state. If this is true then the X-ray and TeV high states may be taken to be coincident to within -10 days. Future simultaneous X-ray and TeV observations will determine the extent to which these phenomena are correlated. 15.25 May (day 135) occurs 27 hours prior to a reported X-ray high state (Takahashi et al 1994) . Data from [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] were not obtained due to bright mQon condjt,ions. The dashed line shows the 1994 quiescent level (Schubnell et aI. 1995) .
